regardless of their baseline parameters. The absence of pEVR, rather than the absence of cEVR, should be used as an early indication for discontinuation of treatment in these patients.
Introduction
The combination of interferon-␣ (IFN ␣ ) and ribavirin (RIB) produced response rates in approximately 40% of previously untreated patients with chronic hepatitis C (CHC) [1, 2] . Pegylated IFN ␣ (PEG-IFN ␣ ) plus RIB is currently the treatment of choice in patients with chronic hepatitis C virus (HCV)-related liver disease [3] , achieving the highest rates of virological response observed to date, and treatment duration as well as RIB dose may be individualized by viral genotype [4] . Except for genotype, pretreatment viral load as well as patient age, body weight and liver histopathology (fibrosis/cirrhosis) are important predictors of response according to landmark trials [4] [5] [6] [7] .
Genotype 4 of HCV is the cause of approximately 20% of the 170 million global cases of CHC. Although rarely encountered in Western nations, it is the most common variant of HCV in Africa and the Middle East. In Egypt, the nation with the highest global prevalence of HCV, 248 more than 90% of cases are caused by genotype 4. The genotype-4 variant has also been detected among intravenous drug users (IVDUs) in Europe, predominantly in southern regions where incidence rates of up to 24% have been reported [8] . In Greece, the distribution of genotype-4 HCV infections among CHC cases is estimated between 13 and 15%, according to the most recently published epidemiological studies [9, 10] . Data concerning the efficacy of the currently approved combination treatment of genotype-4-infected CHC patients from Europe are limited. A retrospective analysis of genotype-4 CHC patients included in 2 studies, conducted primarily in Western countries [4, 6] , suggests that sustained virological response (SVR) rates of 79% are attainable in patients with genotype-4 CHC receiving PEG-IFN ␣ 2a plus RIB combination therapy for 48 weeks [11] . Unfortunately, the precise ethnic origins of the patients in this analysis are unknown, whereas there is a lack of data concerning genotype-4-infected CHC patients treated under real-life conditions (outside clinical trials) in Europe. Moreover, the influence of ethnicity on viral kinetics as well as on SVR rates of genotype-4-infected CHC patients treated with PEG-IFN ␣ plus RIB is poorly investigated.
The principal aim of the present study was to investigate the early viral kinetics as well as the SVR rates and their predictors in treatment-naïve, genotype-4-infected CHC patients treated for 48 weeks with PEG-IFN ␣ 2b plus RIB under real-life conditions in Greece. The secondary aim of the study was to evaluate the predictive value of complete and/or partial early virological response (EVR) on the SVR rates of these patients.
Methods
Seventy-two consecutive, treatment-naïve patients with serologically, virologically and histologically confirmed genotype-4 CHC, with data available from medical records from 2002 to 2006, who had been treated with weight-adjusted doses of PEG-IFN ␣ 2b and weight-adjusted RIB doses, were retrospectively analyzed. Inclusion criteria included: age between 6 18 and ^ 65 years; detectable anti-HCV (ELISA III) at least 2 times within a year; detectable HCV-RNA in serum with a sensitive polymerase chain reaction (PCR) assay, qualitatively as well as quantitatively within a month before the beginning of treatment schedule; liver biopsy indicating chronic hepatitis within 6 months before treatment, and elevated alanine aminotransferase activity at start of treatment ( 1 40 and ! 400 IU/l) and at least once during the last 6 months before the first visit.
Exclusion criteria included: decompensated liver disease as well as any other causes of chronic liver disease (chronic hepatitis B/ ␦ , hemochromatosis, ␣ 1 -antitrypsin deficiency, Wilson's disease, autoimmune hepatitis, alcohol-/drug-induced liver disease, etc.). Patients with HIV infection as well as active substance or alcohol abuse were also excluded. Laboratory values that excluded patients from treatment included: serum creatinine 1 1.5 mg/dl; absolute neutrophil count ! 1,000/ l; platelet count ! 50,000/ l, or hemoglobin ! 10 g/dl at baseline.
All patients were evaluated on admission clinically, hematologically, biochemically and serologically as well as with ultrasound of the upper abdomen. Routine biochemical and hematological tests were performed using automated techniques. Serological markers for viral hepatitis were detected using routine commercially available enzyme immunoassays (AxSYM , Abbott Laboratories, Abbott Park, Ill., USA). Serum HCV-RNA levels were measured qualitatively (lower detection limit of 50 IU/ ml) and quantitatively by a commercially available PCR assay (Cobas Amplicor HCV test, version 2, Roche Diagnostics, Branchburg, N.J., USA). HCV genotype was performed using INNOLIPA HCV assay (Innogenetics, Ghent, Belgium).
Liver biopsy was performed at baseline in all CHC patients according to Menghini technique, and all biopsy specimens were evaluated by a hepatopathologist and were scored according to the Ishak scoring system (grade 0-18, stage 0-6) [12] .
All patients were treated with weight-adjusted doses of PEG-IFN ␣ 2b (Peg-Intron, 1.5 g/kg/week) and weight-adjusted RIB doses (Rebetol 1,000-1,200 mg/day, depending on the baseline body weight ! or 6 75 kg, respectively). The duration of treatment was 48 weeks. All patients were clinically, hematologically and biochemically evaluated at 4, 8, 12, 24, 48 and 72 weeks of treatment/follow-up.
Serum HCV-RNA data were available before the initiation and at week 12 of treatment (qualitative and quantitative PCR assay) as well as at week 48 of treatment and 24 weeks after the end of the treatment schedule (qualitative PCR assay). An HCV-RNA of 1 600,000 IU/ml was considered high (high viral load). An EVR was confirmed either by undetectable ( ! 50 IU/ml) serum HCV-RNA at week 12 (complete, cEVR) or by at least a 2 log decrease in HCV-RNA levels from baseline (partial, pEVR) at week 12 of treatment. The end of treatment virological response (EOT) was confirmed by undetectable serum HCV-RNA at week 48, whereas a SVR was further confirmed by undetectable serum HCV-RNA 24 weeks after completion of treatment. Patients with EOT but detectable serum HCV-RNA 24 weeks after completion of treatment were characterized as relapsers (RLs), whereas patients without EOT were characterized as non-responders (NRs) in the analyses. Patients who did not complete 48 weeks of treatment were excluded from the final analysis.
Statistical Analysis
Numerical characteristic values were tested for normality with the Shapiro-Wilk test. All continuous variables are presented as means 8 standard deviations or medians 8 interquartile ranges (75th-25th percentile) in case they deviated from normality. Categorical variables are shown as absolute and relative (percentages) frequencies. Contingency tables with calculation of Pearson's 2 or Fisher's exact tests evaluated associations between the categorical variables. Depending on the distribution, the Mann-Whitney U test (for non-normal variables) or the Student's t test were used for the comparisons of continuous variables between 2 groups. The Kruskal-Wallis statistic was calculated to compare the distribution of non-normal variables among 3 groups. Multiple logistic regression analysis was applied in order to evaluate to what extent various characteristics are associated with SVR. Deviance residuals were calculated in order to evaluate the model's goodness-of-fit. All reported probability values (p values) were based on two-sided tests and compared to a significance level of 0.05 after Bonferroni adjustment for multiple comparisons. Stata TM 9.0 statistical software was used for the statistical analysis (STATA Corp., College Station, Tex., USA).
Results
Fifty-four patients were men (75%) and 18 women (25%), whereas 38 (52.8%) patients were Caucasians and 34 (47.2%) were Egyptians. The majority of Caucasian patients (34/38, 89.47%) were prior IVDUs, whereas none of 34 Egyptian patients was a prior IVDU. Seven patients (9.7%) had histologically confirmed cirrhosis and 53/72 (73.6%) exhibited a high viral load at baseline control. 
Discussion
Traditionally, the vast majority of genotype-4 CHC cases are observed in Egypt and in countries of Central and West Africa. Recently, HCV-4 has become increasingly prevalent in southern European countries of the Mediterranean basin, including Greece, especially in IVDUs and HIV/HCV co-infected patients, mainly due to the movement of IVDUs across European borders and the active immigration of individuals from regions endemic for HCV-4 [8] .
In the present study, the viral kinetic profiles and the SVR rates of a group of Caucasian and Egyptian geno- Data regarding continuous variables are presented as mean 8 standard deviation. BMI = Body mass index; HVL = high viral load (>600,000 IU/ml). * p < 0.05. type-4-infected CHC patients, treated under real-life conditions in Greece, were analyzed. The main finding is that, despite some differences in their viral kinetic profile, Egyptian and Caucasian patients exhibit comparable SVR rates (60.71 vs. 46.66%), although they are lower than those reported from clinical trials (65-69%) conducted in Egypt, Saudi Arabia, Qatar and Kuwait [13] [14] [15] . On the other hand, studies from Europe have shown that the SVR rates in African or European HCV-4 patients are lower than those achieved in studies conducted in the Middle East [11, 16] , results similar to ours. An overall better response has been observed in Egyptian HCV-4 patients compared to European patients (54.9 vs. 40.3%), but it remains unclear if this difference in SVR rates is related to ethnicity or other factors such as HCV-4 subtype, the mode of HCV transmission or the severity of liver disease. The 4a subtype is largely predominant (93%) in Egyptian patients, whereas the main route of transmission in European patients is IVDU [16] . Moreover, liver fibrosis is significantly less severe in European HCV-4 patients according to the results from European studies [16] .
The 2 groups of the current study population were comparable for all the baseline parameters that could have an impact on the type of response (viral load, liver histology), except for age and BMI. The possible explanation is that all patients were treated with weight-adjusted doses of PEG-IFN ␣ 2b and RIB. Weight-adjusted therapies possibly have an advantage over fixed dosing as indicated by studies concluding that response rates are lower in overweight chronic HCV-infected patients [17] . Additionally, as shown in table 1 , the cohort did not include obese patients (mean BMI 24.2 and 26.03 in the Caucasian and Egyptian subgroups).
An EVR, defined either as undetectable HCV-RNA at week 12 or at least a 2 log decrease in HCV-RNA levels from baseline, was an excellent predictor of treatment outcome, whereas the absence of EVR was associated with virtually no chance of achieving SVR, according to the results from Egyptian studies [15, 18] . The present study evaluated the prognostic significance of 2 types of EVR (complete and partial EVR) for the SVR achievement. According to the logistic regression analysis, both pEVR and cEVR were independent predictors of SVR. The best positive predictive value (83.87%) was achieved when both cEVR and pEVR were estimated together, whereas the best negative predictive value was that obtained from the estimation of pEVR (81.48%). It is suggested that the absence of pEVR, rather than the absence of cEVR, should be used as an early indication for stopping treatment in these patients.
Egyptian patients exhibited significantly lower cEVR rates compared to Caucasians, as well as patients with a high baseline viral load ( 1 600,000 IU/ml) compared to those with a low viral load. Using cEVR as an early indication for stopping the treatment schedule, a significant proportion of patients (14/31, 45.16%) who finally responded, especially from the Egyptian group, would have been lost. The probable explanations are the genetic-host factors and the genotype-4 subtype-dependent differences, parameters which need further investigation.
Limitations of the study are its retrospective-observational nature and the absence of data concerning HCV-4 subtypes. However, the observational nature of this study adds a pragmatic flavor to 'real-life data', an aspect often missing from clinical trials. This study provides preliminary observations that need to be verified or falsified in large-scale randomized clinical trials.
In conclusion, SVR rates are comparable among Egyptian and Caucasian HCV-4 patients, treated under reallife conditions with the currently approved treatment, despite some differences in their early on-treatment virological data. Either pEVR or cEVR represent independent predictors of SVR in the majority of genotype-4-infected CHC patients, regardless of all the other baseline parameters. The absence of pEVR, rather than the absence of cEVR, should be used as an early indication for discontinuation of treatment in these patients.
